haemodialysis; peritoneal dialysis; quality of life; symptoms Background. So far, little attention has been paid to the value of dialysis adequacy for patients' quality of life (QL). Therefore we studied the impact of demographic, clinical, and dialysis characteristics on physical
lar disease, or patients <70 years with diabetes mellitus. The suspected to result from the accumulation of uraemic high-risk group comprises patients >80 years, patients of waste products [7] , or to arise as side-effects of the any age with two or more organ dysfunctions in addition to dialysis procedure itself, like an osmotic disequilibrium end-stage renal disease, or patients of any age with visceral syndrome or the ultrafiltration rate [8, 9] . Symptoms malignancy. may also originate from anaemia [10] or the presence Percentage lean body mass was estimated by anthropoof specific comorbid conditions. metry from the sum of thickness of the triceps, biceps, The severity of the patient's symptomatology can subscapular, and supra-iliac skinfolds, by the method of also be expected to adversely affect aspects of a person's Durnin and Womersley [12] . Since skin turgor and hydration may affect subcutaneous skinfold thicknesses, measurements perceived QL in terms of physical and psychosocial in haemodialysis patients were made after dialysis when the functioning. At present, however, the relationship patient was at dry weight. Dietary protein intake was assessed between symptom level and perceived QL is unclear.
as protein catabolic rate (PCR) [13] in the HD patients and
The objectives of this study were therefore: (i) to as protein nitrogen appearance in PD patients (PNA) [14] . assess the prevalence and severity of physical symptoms Both were normalized to actual body weight (nPCR and of dialysis patients; (ii) to study the association nPNA). between demographic and clinical characteristics, Hydration status was estimated in HD patients as (i) dialysis adequacy and dialysis technique on the one systolic and diastolic blood pressure pre-and postdialysis,
(ii) the difference in blood pressure before and after dialysis, hand and physical symptoms on the other; and (iii) to (iii) interdialytic weight gain (% related to the postdialytic examine the association between symptomatology and weight of the preceding dialysis), and (iv) percentage devithe patient's perceived QL.
ation from target weight (% related to postdialytic weight). All these variables were averaged over a 2-week period. In PD, systolic and diastolic blood pressure were measured
Subjects and methods
once, mostly at a routine visit in the outpatient clinic. At this occasion also the percentage deviation from target weight
Study population
was estimated. Additionally, the presence of clinicalsignificant episodes of under-and overhydration during the previous 2 weeks was assessed among PD patients. The study population consisted of incident chronic haemoResidual glomerular filtration rate (rGFR) was calculated dialysis (HD) and peritoneal dialysis (PD) patients starting as the mean renal clearance of urea and creatinine. dialysis treatment between October 1993 and April 1995 in
The HD patients collected all urine during an interdialytic 13 Dutch dialysis centres. All patients of 18 or more years interval. Blood samples were taken before and after the of age who never had received any form of renal replacement dialysis preceding the interval and at the end of this interval. therapy before were eligible for the study. The dialysis
The PD patients collected 24-h urine and dialysate. A blood treatment was prescribed by the individual patient's physisample was taken immediately after the collection period. cian. To avoid disturbance from metabolic instability that can occur during the initial period of dialysis treatment,
Dialysis adequacy and technique
measurements were performed 3 months after the start of dialysis. The study was approved by the Ethical Committees Adequacy of dialysis was expressed as weekly total and of all participating dialysis centres.
dialysis Kt/V urea in HD and PD patients. In PD patients also the weekly total and dialysis creatinine clearance (CCr) Demographic, clinical, and dialysis characteristics was calculated. Haemodialysis Kt/V urea was estimated using a second generation Daugirdas formula [13] . Peritoneal
Demographic and clinical characteristics
Kt/V urea and CCr were calculated from a 24-h dialysate Demographic data on age, sex, marital status, educational collection. Total body water, which equals the urea distribulevel, and employment status were collected. Clinical charac-tion volume ( V ), was determined by the formulae of Watson teristics included underlying kidney disease, comorbid status, et al. [15] . In HD patients also the urea reduction ratio lean body mass, serum albumin, haemoglobin, use of erythro-( URR) was calculated as the percentage reduction in the poietin, hydration status, residual renal function, and plasma blood urea concentration during a single dialysis treatment. levels of uraemic retention products, such as urea, creatinine, The URR was used as a proxy for the osmotic disequilibrium phosphate, and parathyroid hormone (PTH ).
syndrome. The underlying kidney disease was classified according to Haemodialysis technique comprised frequency of dialysis the European Dialysis and Transplantation Association-treatments per week, total weekly dialysis time (hours), European Renal Association Registry. Comorbidity was dialyser membrane and the ultrafiltration rate. The ultradefined in terms of presence of conditions not directly related filtration rate was calculated as the percentage reduction in to the uraemic state, either at the start of dialysis or in the body weight during a single dialysis treatment, averaged over medical history. Next, every patient was assigned a low, a 2-week period. In PD patients the number of dialysate exchanges per day, the total instilled daily dialysate volume, medium or high survival risk index based on comorbidity and the peritoneal ultrafiltration were assessed. Peritoneal and to a lesser extent advanced age. This classification has ultrafiltration rate was estimated by the difference between been described by Khan et al. [11] . The low-risk group in the total instilled daily dialysate volume and a 24-h dialysate this classification comprises patients <70 years with no cocollection and normalized to body surface area. morbid illness; the medium-risk group includes patients between 70 and 80 years of age, or patients <80 years with one or more of the following diseases: angina, previous Physical symptoms myocardial infarction, cardiac failure, chronic obstructive airways disease, pulmonary fibrosis, or liver diseases (cirrho-The prevalence and severity of physical symptoms were assessed with a modified version of a self-administered sis, chronic hepatitis), peripheral vascular and cerebrovascu-questionnaire, developed by one of us (RTK ) [16 ] . These support to the unidimensionality of our symptom scale.
Moreover, from a clinical point of view, unidimensionality symptoms were derived from a literature review and from discussions with experienced nephrologists. Performance of was made likely by the fact that four experienced nephrologists were not able to separate symptoms into more than this questionnaire is satisfactory and the questionnaire is well-accepted in the Dutch dialysis community [16, 17] . The one symptom category with regard to their origin.
The identification of independent correlates of physical present modified questionnaire consisted of nine physical symptoms related to end-stage renal disease and dialysis, symptom burden was conducted in two stages. Firstly, univariate analysis was performed as a screening procedure such as fatigue, nausea, and itching The extent of symptom burden during the past 3 weeks was scored on a 5-point aimed at selecting the appropriate patient and clinical characteristics and dialysis variables in order to enter them into the Likert scale, graded 0 (not at all ) to 4 (very much). Symptoms were aggregated to a total summary score, ranging from 0 multivariate analysis. Student's t tests, one way analysis of variance (ANOVA), Pearson's correlation or their nonto 36, a higher score indicating a higher level of symptom burden.
parametric equivalents were applied. Secondly, all variables that were univariately associated with the symptom scores (P∏0.20) were entered into multiple linear regression (with
Quality of life (QL)
a forward selection strategy, using the F-statistic with P<0.05 on the criterion level of inclusion) to identify those The patients' perception of their levels of QL was assessed variables that were independently associated with the total with the 36-item MOS Short Form Health Survey symptom score. Questionnaire (SF-36TM ) [18] . The SF-36 is a generic multiTo investigate the independent impact of physical sympdimensional instrument consisting of eight multi-item scales toms on the patients' perceived levels of QL, we also representing: physical functioning, social functioning, role-performed a two-stage procedure. Firstly, all significant limitations due to physical problems, role-limitations due to patient, clinical, and dialysis determinants of the eight subsemotional problems, mental health, vitality, bodily pain and cales of the SF-36 as identified in our previous study [4] , general health perceptions. Patients are asked to rate the were stepwise forward entered into a linear regression model. effect of their health on their life during the past 4 weeks. Next, the total symptom score was added to the model to Scale scores were transformed to a 0-100 scale, a higher assess its additional explanatory power. score indicating a more favourable QL. Subsequently, the All analyses were performed for HD and PD patients scale scores were standardized to the scale scores of a general separately. Dutch population sample (n=1697, age range 18-94; male 57%) [19] by subtracting the general population mean from the dialysis population mean and dividing it by the corres-Results ponding scale standard deviation from the general population. The resulting so-called standard score or Z-score indicates how many standard deviations the observed SF-36 Demographic, clinical, and dialysis characteristics scores of dialysis patients fall below or above the scores of Out of 250 patients that were included in the study, the reference population when the scores of the reference 120 HD and 106 PD patients completed the QL population are set at zero. Finally, the physical and mental components of the eight scales were combined into a physical questionnaires. Reasons for non-response and charac-(PCS) and mental (MCS) component summary score teristics of non-responders have been described in our [20] .The SF-36 has been proven reliable and valid in various previous report [4] . characteristics, as well as the dialysis variables of the HD and PD patients. Compared to PD patients, HD Data analysis patients were somewhat older, were less frequently employed, had a lower haemoglobin concentration and Differences in demographic and clinical characteristics a higher prevalence of erythropoietin use, and had a between HD and PD patients were analysed with Chi-square lower percentage deviation from target weight tests, unpaired Student's t tests, or, when appropriate, their (P<0.05). The predialysis plasma levels of urea, creatinon-parametric equivalents. The prevalence of individual nine and phosphate in HD patients were higher than symptoms was estimated by classifying a symptom as present the mean values in PD patients (P<0.05).
when a patient reported to have been bothered by that symptom a little bit, moderately, much or very much.
Aggregation of the symptoms to a total symptom score was Symptom prevalence based on the assumption of unidimensionality. This assumption was checked psychometrically by principal component In Figure 1 the prevalence of each symptom in the analysis. This technique permits the detection of independent HD and PD group is depicted. The two most promindimensions (factors) in a set of items based on their interrela-ent symptoms in both HD and PD patients were tions. This analysis yielded only one factor underlying the fatigue (82 and 87% respectively) and itching (73 and experience of symptoms. To further investigate and evaluate 68% respectively). Easy bruising occurred more frethe unidimensionality of the symptom scale, internal consist-quently in the HD (62%) than in the PD group (30%), ency analysis was performed. Internal consistency of a scale while more PD than HD patients reported a lack of is commonly measured by Cronbach's a, a measure of the appetite (48 vs 25%) (P<0.01). No difference in total standard deviation (range −2.8 to 1.0) below the value of a general population sample. These values correspond to the lowest scoring 12 and 16% of this reference population respectively. Regarding mental QL, HD and PD patients were less, though still significantly, impaired compared to the general population sample (HD, mean standard score, range −0.7, −3.6 to 1.9; PD −0.4, −3.0 to 1.4). Or in other words, mean mental QL scores of the HD and PD group corresponded to the lowest scoring 24 and 34% of the reference group respectively. HD patients demonstrated lower physical and mental QL scores than PD patients (P<0.05). However, after adjustment for differences in demographic, clinical and dialysis characteristics these Fig. 1 . Presence of physical symptoms in haemodialysis and periton-differences disappeared.
eal dialysis patients 3 months after the start of dialysis treatment.
In Tables 4 and 5 the results of the multivariate analysis to assess the additional impact of symptoms on QL Associations between demographic, clinical, and dialysis characteristics and symptom burden Table 4 . Multiple regression models to explain poorer physical
The characteristics independently associated with the summary QL scores (PCS ) in haemodialysis and peritoneal dialysis patients total symptom scores are presented in Table 3 . In the HD group only a medium to high comorbidity-age however, was only 12% in HD and 21% in PD patients.
Medium and high comorbidity-age index 11
In both patient groups we could not demonstrate an Greater symptom burden 33 independent effect of demographic and dialysis characteristics on the level of symptomatology.
Multiple linear regression analysis with a forward procedure, using the F-to-enter statistic with P<0.05 on the criterion level for selection.
Association between symptomatology and patient's aAll significant demographic, clinical, and dialysis characteristics as
perceived QL
identified in previous analysis [4] were entered into the model (see also Subjects and methods section).
Both HD and PD patients reported significantly lower physical and mental component summary QL scores Multiple linear regression analysis with a forward procedure, using Medium and high comorbidity-age index 21 the F-to-enter statistic with P<0.05 on the criterion level for selection. aAll significant demographic, clinical and dialysis characteristics as Multiple linear regression analysis with a forward procedure, using the F-to-enter statistic with P<0.05 on the criterion level for identified in previous analysis [4] were entered into the model (see also Subjects and methods section). selection.
superimposed on the demographic, clinical and dialysis that random error that occurs with respect to individual symptoms is averaged out. variables are summarized. Greater symptom burden explained an additional amount of decreasing physical A disadvantage of summation is that one is not able to distinguish between the number of symptoms and QL in HD (17%) and PD (22%) and decreasing mental QL in HD (23%) and PD (5%). The collectively the degree of symptom burden. For example, a patient who reports to have been bothered by four symptoms explained variance of QL by the demographic and clinical variables ranged from 11 to 22%. In HD a to a moderate extent (score=2), obtains the same total symptom score of 8 as a patient who reports to have medium to high comorbidity-age index and older age were associated with impaired physical QL. Among been bothered very much by two symptoms (score= 4). Moreover, the frequency of occurrence of a symp-PD patients a lower nPNA and a medium to high comorbidity-age index had an independent effect on tom may also influence the perceived burden: e.g. if a symptom occurred every day to a little extent, impaired physical QL. A lower rGFR appeared to be associated with poorer mental QL in both HD and the perceived symptom burden may be the same as when the same symptom occurred once a week to a PD patients. In HD patients also a lower level of haemoglobin and the presence of renal vascular disease moderate extent.
The various ways the same total symptom score can as cause for end-stage renal disease were independent explanatory factors of poorer mental QL. In PD be arrived at may partly have attributed to the absence of meaningful associations between the selected demopatients besides a lower rGFR, unemployment was associated with impaired mental QL. Dialysis dose graphic, clinical and dialysis-related variables and the symptoms studied. Therefore, future measures of total and other HD and PD technique variables were not associated with QL.
symptom burden should consider both the number of symptoms and the degree of burden of each individual symptom as well as its frequency of occurrence.
Discussion
Apart from clinimetric issues, the fluctual nature of the symptoms themselves may also have obscured meaningful associations. This phenomenon is illusFatigue and itching were the most important physical symptoms in our dialysis patients. This has also been trated in the study of Parfrey et al. [29] who reported low intraobserver reliability for tiredness, cramps, and found by others [22, 25, 26 ] . The total symptom burden did not differ between HD and PD patients, but some pruritus, assessed with a 1-week interval. The fluctual nature may especially create a problem if present differences in symptom pattern were demonstrated. HD patients reported to suffer more from easy bruis-symptom intensity overshadows prior experience in the reporting of symptoms during the past few weeks, as ing, which can be attributed to the use of heparin in HD. PD patients were more troubled by lack of has been found in retrospective evaluation of pain [30] . To provide less opportunity for recall bias, diary appetite, which may be due to the presence of the dialysate load in the peritoneal cavity. assessment of symptom levels during a 'normal' dialysis week may be an alternative. In contrast to our expectation, we could not demonstrate a substantial impact of demographic, clinical In addition, in HD patients, not only symptom fluctuations but also the 'saw-toothed' shaped swings and dialysis-related variables on symptom burden. The combined comorbidity-age index was the only in blood levels of metabolic waste products during a dialysis week may have obscured physiology-sympexplanatory factor of symptom burden in HD patients. In PD the percentage lean body mass turned out to be tom associations: plasma levels of urea, creatinine, phosphate, and parathyroid hormone were measured the most important factor. Probably these two both represent the severity of the disease. Also Barrett et al. once in predialysis blood samples on a dialysis day, whereas symptoms were assessed during the previous [25] failed to show a clinically meaningful association between various demographic, clinical and laboratory 3 weeks. On the other hand, however, the absence of significant associations in PD, where blood levels of variables and symptoms. In the latter study, however, dialysis adequacy and technique variables were not metabolic waste products are relatively stable, renders this explanation less plausible. considered. In agreement with the present study, Blake et al. [27] did not observe an association between Kt/V In our previous study [4] , we could demonstrate only a limited impact of demographic and clinical and symptomatology in CAPD patients.
In our study we estimated symptom burden with a characteristics on QL. This finding was recently substantiated in a multicentre Israeli study of dialysis Likert summation scale, which is in agreement with recently constructed symptom scales of kidney-disease-patients [31] . Moreover, dose of delivered dialysis ( Kt/V urea ) was not related to QL [4] . Interestingly, a specific QL instruments, such as the Kidney Disease Quality of Life Instrument ( KDQOL) [22] and the minimal impact of demographic and clinical variables on QL is not specific to the end-stage renal disease Kidney Disease Questionnaire ( KDQ) [28] . The Likert summation scores are based on the assumption of setting but has also been observed in patients with other chronic conditions. For example, in chronic unidimensionality (the legitimacy of this assumption was supported psychometrically and clinically, see obstructive pulmonary disease [32] 
